Two feeding experiments were conducted to evaluate malt protein flour (MPF) as an alternative protein source for the diet of rainbow trout Oncorhynchus mykiss fingerlings. MPF is a new protein rich by-product from brewer's spent grain. Experiment 1 was conducted to clarify the suitable substitution level of MPF for white fish meal (WFM) in the diet. The control diet, containing WFM as the sole protein source, and isonitrogenous (40% crude protein) experimental diets, containing MPF substituted for 20 to 80% of WFM protein, were fed to fish with an average initial weight of lOg for 6 weeks. Weight gain and feed efficiency in fish fed the diet substituting MPF up to the 60% level were not different (p>0.05) from those in fish fed the control diet. There were no significant differences in protein and energy retention between 0 to 40% substitution level. In Experiment 2, crystalline essential amino acids (EAA) were supplemented in the diets containing MPF to simulate the EAA composition in the control diet. Consequently, no significant differences were detected in protein and energy retention between 0 to 60% substitution level. Thus, these results suggest that MPF is a promising alternative protein source for the diet of fingerling rainbow trout.
Two feeding experiments were conducted to evaluate malt protein flour (MPF) as an alternative protein source for the diet of rainbow trout Oncorhynchus mykiss fingerlings. MPF is a new protein rich by-product from brewer's spent grain. Experiment 1 was conducted to clarify the suitable substitution level of MPF for white fish meal (WFM) in the diet. The control diet, containing WFM as the sole protein source, and isonitrogenous (40% crude protein) experimental diets, containing MPF substituted for 20 to 80% of WFM protein, were fed to fish with an average initial weight of lOg for 6 weeks. Weight gain and feed efficiency in fish fed the diet substituting MPF up to the 60% level were not different (p>0.05) from those in fish fed the control diet. There were no significant differences in protein and energy retention between 0 to 40% substitution level. In Experiment 2, crystalline essential amino acids (EAA) were supplemented in the diets containing MPF to simulate the EAA composition in the control diet. Consequently, no significant differences were detected in protein and energy retention between 0 to 60% substitution level. Thus, these results suggest that MPF is a promising alternative protein source for the diet of fingerling rainbow trout. Fish meal has been used as a protein source traditionally in fish diets because of its high nutritive value. However, the fish culture industry is increasingly apprehensive that a shortage of fish meal may occur, due to both the increasing demand from the expansion of aquaculture and decreases of wild fish resources that are materials for fish meal. Many studies have been conducted on the utilization of plant proteins, especially of by-products from food industries, to develop alternative protein sources for fish meal. Soybean meal (SBM) has been found to be a good protein source and currently it is commonly incorporated in commercial fish diets. [1] [2] [3] Malt protein flour (MPF) is a new plant protein made from brewer's spent grain (BSG) which is a by-product of beer brewing. There are two steps for brewing; the first step is saccharification and the following step is fermentation. After saccharification, the solids are filtered away and BSG is obtained. BSG has been used as feed for cattle. However, the amount of consumption is decreasing due to a decline of livestock industry neighboring towns where, in Japan, the brewery exists. BSG is considered to be unsuitable as a protein source for fish diets because of its low protein content and high fiber content. MPF is obtained through the mechanical removal of the husk of BSG with a special rolling mill and a seive, resulting in a protein-rich ingredient like SBM.
The purpose of this study was to evaluate the nutritional value of MPF as an alternative protein source for the diet of fingerling rainbow trout Oncorhynchus mykiss. Two feeding experiments were conducted; the objective of Experiment 1 was to clarify the suitable substitution level of MPF for white fish meal (WFM) in the diet and that of Experiment 2 was to assess the effect of supplementation of crystalline essential amino acids (EAA) to the diets containing MPF. The formulations and proximate analyses of the test diets in Experiment I are presented in Table 2 . WFM was used as a sole protein source to provide approximately 40% crude protein in the control diet (diet 1). In diets 2 to 5, 20 to 80% of WFM protein in the control diet was isonitrogenously replaced by MPF. Fat content in diets was adjusted with Average weight gain, feed efficiency, whole body composition, amounts of protein and energy retained and their efficiencies were analyzed for statistical significance (p <0.05) according to the method of Duncan,11) However, statistical analyses of the apparent digestibilities of protein and energy were not carried out because feces were collected as a single sample pooled from duplicated tanks for each dietary treatment. 
Results

Performance of Fish in Feeding Experiments
In both Experiments 1 and 2, percentage weight gain and feed efficiency in fish fed the diet containing MPF up to the 60% substitution level (diet 4) were not different (p>0.05) from those in fish fed the control diet (Table 5 ). In addition, percentage weight gain in fish fed diet 2 (MPF substitution level of 20%) in Experiment 1 was significantly higher (p <0.05) than in fish fed the control diet. In Experiment 2, diets containing MPF at 20 to 60% substitution levels showed a good growth rate similar to the control diet. Higher supplementation of MPF (MPF substitution levels of 80 and 100%) in both experiments, however, significantly lowered growth rate and feed efficiency as compared with the control diet.
In both experiments, daily food consumption rate in the fish fed the diet containing MPF up to the 80% substitution level (diet 5) did not significantly decrease. However, the rates in the fish fed the diet of 100% MPF level in Experiment 2 (diets 6 and 7) were significantly lower than the control diet.
Whole Body Composition of Experimental Fish
At the end of both experiments, moisture decreased and fat content increased in comparison with initial values (Table 6 ). In Experiment 1, there were no significant dif ferences in moisture, protein nor fat content among the treatments. In Experiment 2, there were significant differ ences in moisture level among the groups, however, no specific trends were detected. Protein and fat contents were not different between the dietary treatments.
Apparent Digestibilities of Dietary Protein and Energy
In Experiment 1, apparent digestibility of dietary protein 
Retention of Dietary Protein and Energy in Body
In Experiment 1, retention of protein was high in fish fed diets containing MPF at 0 to 40% substitution levels (diets 1, 2, and 3), and gradually decreased at and above the 60% substitution levels (Table 8) . In Experiment 2, however, retention of protein even in the fish fed the diet of 60% substitution level was improved and no significant difference was detected between this group and the control group. Retention of energy revealed a tendency similar to the retention of protein (Table 8) .
Discussion
In alternative protein sources to fish meal, SBM is considered to be one of the most practical sources for fish diets.1-3> However, owing to the presence of protease inhibitors and other antinutritional factors, some treatments such as heat treatment, solvent extraction or EAA sup plementation are reported to improve the nutritional value of SBM for rainbow trout.4,12-14) Distiller's grains with solubles (DSG) are reported to be a good substitute for fish meal or soybean meal for the diet of channel catfish Ictalurus punctatus because it contains no antinutritional factor. [15] [16] [17] In the present studies, MPF was found to be able to replace, without any additional treatment, 40% of the WFM protein in the diet for fingerling rainbow trout without any adverse effect on growth, feed efficiency, and protein and energy retention. This may suggest that, like DGS, MPF does not contain an appreciable quantity of antinutritional factors.
Poorer growth and feed performance in the fish fed the diet of more than 60% substitution level in Experiment 1 may be caused by, (1) inferior EAA balance in the die, (2) increase of fiber content deriving from MPF and subsequent decrease of digestible energy in the diet, and (3) slight decrease of feeding rate. As observed when high-level celluose was incorporated in rainbow trout diets 18) and in channel catfish diets,19) the increased fiber content of a diet having a higher MPF level might cause some negative effect on growth and protein utilization. Although the cause of slightly reduced feed palatability is unknown, further studies should solve these problems for incorporating MPF at high levels.
Weight gain and feed efficiency in the fish fed the diet of 60% substitution level in Experiment 1 were inferior to those of the control diet. However, no significant differences were detected between the groups. Further long-term feeding experiments may be necessary to validate the differences.
In DGS, lysine is the first limiting amino acid for channel catfish and the supplementation of crystalline lysine to the diets containing DGS improved the growth performance of the fish. 16, 17) This may be caused by the improvement of amino acid balance and subsequently enhanced conversion of amino acids absorbed into the fish's body protein. 20) MPF, like DGS, is deficient in lysine compared with WFM or SBM (Table 4) . In the present studies, when fish meal was highly replaced by MPF at and above the 80% level, supplementation of EAA to the diets was not effective enough to drastically improve growth and protein utiliza tion. Similar phenomena were reported in milkfish Chanos chanos and tilapia Oreochromis niloticus x O. aureus where the supplementation with methionine was not effective for improvement of growth and protein utilization of fish fed diets in which fish meal was replaced at high levels by SBM. 21, 22) Compared with the cases of effective sup plementation of crystalline EAA (1.2 to 3.8% in diets) in rainbow trout diets containing soybean meal, 4,10,12,13) the amount of supplemented EAA in diets 5 and 6 (3.9 and 5.8% in diets) was rather great. It seemed that the excess As compared with SBM, MPF is rich in sulfur amino acids such as methionine and cystine (Table 4) . Therefore, a combinational supplementation of both materials to the diet may complement each defect of EAA composition and increase the nutritional value of protein in the diet. In practice, combination of SBM and corn gluten meal in the rainbow trout diet was reported to be superior to SBM alone as a substitute for fish meal.25) 
